SUMMARY
BACKGROUND
When Jules Gonin first proposed that retinal detachment occurs as a result of breaks in the retina,1 advanced sur gical technology was not available. He and his successors in the field of retinal surgery had no way of treating the breaks directly, from within the eye, as they had no means of gaining access to them. They therefore had no choice other than to create an adhesion between the tissues sur rounding the break(s), rather than attempt to repair the ret inal defect(s) themselves. [2] [3] [4] Remarkably, in spite of technological advances enabling access to the retina, especially during the past 20 years,s.n as well as experimental work on glues7.8 and patches,9 there is still no satisfactory method of repairing breaks in the retina. Broadly speaking, the methods adopted by Gonin and his followers are still in use today. ThermocauterylO gave way to diathermi I and diathermy to cryotherapy, 12 sunlightl3 has yielded to the laser tube 1 4 . 1 5 and scleral resection,16 and the supramid suture 17 has been superseded by silastic sponges 18 and solid silicone explants,19 but the general principles of repair remain the same.
Considering that the retina is supported by a glial net- work, and proliferation of retinal glia forms the basis of most epiretinal membranes,2o-23 one might think that spon taneous repair of reti nal breaks would occur as a matter of course. This is, however, not the case and spontaneous closure of breaks with consequent retinal reattachment, although by no means rare, is not a common event. Dehis cences in the retina do not usually heal over. Persistent traction on the torn retina, by the attached vitreous gel, commonly distorts and enlarges retinal tears, discourag ing healing. Although successful attempts to induce heal ing in macular holes, by removing the vitreous and applying growth factor directly to the retina, have recently been reported,24 this technique is not yet widely available or tested; nor is it necessarily applicable to peripheral tears. The mechanism employ�d by Gonin -bringing the retina into apposition with the underlying tissues and inducing a scar to form between them and the edges of the break -is, in consequence, still in use today.
Recent advances in our understanding and treatment of retinal detachment relate not only to the closure of breaks per se, but to the secondary effects generated by the heal ing process, in particular the stimulation of scar formation, inherent in the surgical method. Thus, modern techniques of closed intraocular microsurgery have focussed on the removal of epiretinal membranes and internal tamponade of retinal breaks in proliferative vitreoretinopathy (PVR), a condition which commonly results from overexuberance of the repair process and is often made worse by retinal reattachment surgery.
It is the ability to access intraocular structures, aided by microsurgical viewing, that has transformed our approach to difficult types of retinal detachment, rather than changes in the fundamental processes involved in repair. For the time being, at least, PVR remains the scourge of retinal surgeons and the predominant cause of failure in retinal reattachment surgery. Advances in laser tech nology and molecular-biological and pharmacological developments should, however, reduce the unwanted effects of excessive proliferation resulting from the heal ing process and thereby increase the success rate in sur gical repair of retinal detachment.
The clinical appearances of advanced PVR are well known. Contraction of epiretinal membranes causes short-ening of the retina, leading to fold formation, while the effect of contraction on retinal breaks is to enlarge them, roll their edges and make them difficult to close. The ret inal detachment becomes more extensive and bullous, ret inal mobility decreases and the characteristic appearance of a more or less fixed funnel emerges. This is the picture of 'full-blown' PVR, associated with widespread, estab lished epiretinal membranes. There is, however, a spec trum of disease, according to the stage and severity of the proliferative process. Initially, haziness of the vitreous occurs, followed by increasing cellularity, before decreased mobility and the development of fixed retinal folds becomes apparent. Even then, the process may be confined to one or two quadrants of the fundus and the ret ina may remain attached, and apparently unaffected, in others.
Foos25 described a spectrum of non-vascular prolife rative extraretinopathies (NPE), passing from simple membranes, composed exclusively of glia, in which the retinal topography remains undisturbed, through inter mediate NPE (cellophane maculopathy, macular pucker, surface wrinkling retinopathy) to what is now termed PVR.
To follow the path along which our understanding of PVR has progressed, we need to retrace our steps to the pre-vitrectomy era of the 1950s and 1960s, when PVR was known as massive vitreous retraction (MVR).26 Although the presence of membranes on the detached ret ina had long been recognised, the fundamental pathologi cal process was considered to arise in the vitreous, contraction of which, it was thought, caused the retinal changes. It was therefore widely imagined that removal of the vitreous would lead to successful treatment of com plicated retinal detachments. This optimistic belief was rudely shattered in the early 1970s, when the first results of closed vitrectomy in the management of retinal detach ments complicated by MVR showed that removing the vitreous was not effective in achieving reattachment in these cases. 27 The advent of closed intraocular microsurgery,2� per mitting controlled access to the retinal surface, so that the disease process could be examined directly under the operating microscope, and the harvesting of tissue for his topathological study, was the stimulus to promote much essential research into the cellular mechanisms which cause PVR.29-32 A huge leap forward in our understanding of why and how the disease develops has taken place during the past two decades.
Not only has our understanding of the mechanisms and underlying physical forces involved in retinal immobility and shortening been enhanced, but it has been possible to identify the parent cell types and to trace the differentia tion of cell lines in the development of epiretinal mem branes. It is clear that the simplest membranes are those derived from retinal glia and that these develop com monly, in the absence of true retinal breaks.33 They are found in many normal eyes and often cause no clinical signs or symptoms. Glial cells do not have strong contractile properties and so, as Foos noted, these simple membranes may cause no retinal distortion at all or only surface wrinkling.33.34 In more complex membranes, cells derived from the retinal pigment epithelium (RPE) are common and display strong contractile qualities, causing distortion of the retina, traction on retinal breaks and the formation of full-thickness retinal folds.35-37 Furthermore, RPE cells have been shown to develop into macrophages and to form fibroblasts, leading to the development of mature fibrous membranes containing collagen.3s It has become clear that, in this way, RPE and glial cells gaining access to the retinal surface, as a result of macroscopic and microscopic breaks in the retina, can form widespread sheets of fibrocellular tissue capable of contracting and thereby shortening it.39AO This process may occur in the attached or reattached retina, as for instance in macular pucker, causing distortion; or contracting membranes may, by opening or reopening retinal breaks, cause retinal detachment or redetachment.
RPE cells can also proliferate in the subretinal space and form membranes,41-41 but contrary to what happens on the inner surface of the retina, these membranes do not form widespread attachments to the retina and display little capacity to cause retinal distortion or shortening. Only occasionally, when such subretinal bands cause a 'washing-line' or 'napkin-ring' effect,44 do they grossly distort the retina or prevent its reattachment.
Class(fication of PVR
For clinical purposes, classification of PVR into its vari ous stages or grades is of importance, because without some way of expressing the severity of the disease, it is difficult to evaluate and compare the results of treatment. For this reason, Machemer41 devised a classification based on his concept of its pathogenesis. He identified four stages, ranging from increased vitreous flare and cel lularity, to total retinal detachment with a 'closed funnel' configuration. This classification proved unnecessarily complicated and cumbersome and in 1983 a further classi fication was produced45 with four stages: A, B, C and D. A denotes increased vitreous activity, B the first indications of epiretinal membrane contraction, such as vessel tor tuosity and rolled edges to breaks, C full-thickness fixed retinal folds and D fixed retinal folds in all quadrants caus ing a funnel configuration. Grade C was furthermore sub divided into 1, 2 or 3, according to how many quadrants were involved, and D similarly, according to whether the funnel was wide open, narrow or closed.
Both these classifications have been found to be useful in standardising the severity of PVR as identified in differ ent centres, but less useful in providing indices for pre dicting the likely outcome of surgery. This is because they both fail to take into account the clinical significance of the surgical pathology, depending as it does on the distri bution and direction of the tractional forces, rather than simply their extent.
In 1989, workers in German/6 and the United States47 proposed new and similar classifications, leading to a bet-ter scheme which acknowledges the surgical implications of PVR. This classification, updated in 1991 ,�8 distin guishes between peripheral and posterior, focal and dif fuse and perpendicular, circumferential and anterior forms of contraction, enabling comparability of results from dif ferent centres.
TREATMENT
Retinal detachments complicated by PVR are difficult to treat, because the surface area of the retina is reduced, due to membrane contraction, so the retina cannot easily be reapplied to the underlying pigment epithelium, the sur face area of which is unaltered. Retinal breaks, which are the cause of the detachment, cannot be closed by conven tional means unless the breaks themselves are in an area of retina not involved by contracted membranes. In some instances this is the case and, in spite of PVR, the retina can be reattached by conventional surgery. Provided that all breaks are closed and remain closed, the retina will invariably reattach, although there may be gross distortion from epiretinal membrane contraction throughout the fun dus elsewhere, causing areas of traction retinal detach ment. As in all retinal reattachment surgery, the goal is to close the breaks and seal them.
Surgical Methods
Long before Machemer and Norton27 demonstrated that removal of the vitreous was not sufficient, in itself, to cure retinal detachments complicated by PVR, Taylor Smith, Cibis and others had appreciated the significance of epiret inal membrane contraction and come to similar con clusions. Indeed, Taylor Smith,49 writing in 1960, described their role in causing fixed retinal folds and recalled that, since the nineteenth century, many workers had noted the presence of epiretinal membranes on the surface of the detached retina, while Cibis50 described how epiretinal membranes could be removed from the retinal surface, albeit without the degree of access provided by techniques available today. The use of silicone oil and intraocular instrumentation to dissect membranes and to tamponade breaks was used to good effect by Cibis,51 Scott52 and others,S1 prior to the introduction of closed intraocular microsurgery, up to 60% of such cases being successful.
The introduction of vitrectoml� led the way to more sophisticated methods of epiretinal membrane removal which, combined with internal tamponade of retinal breaks, opened up new avenues. While removal of the vit reous does not, in itself, relieve anything except direct vit reoretinal traction, the controlled access to and freedom of action within the preretinal space which it enables, has transformed the surgery of PVR.
It was soon apparent that the application of closed vitrectomy techniques could be combined with and enhance existing methods of treating retinal conditions characterised by the proliferation and contraction of fibro cellular (and fibrovascular) membranes.5459 Bimanual manoeuvres, carried out under greatly improved condi-P. K. LEAVER tions of illumination and microscopy and with an ever increasing range of sophisticated micro-instrumenta tion,no.n, brought the treatment of complicated cases of retinal detachment within the compass of many retinal surgeons, rather than the exceptional few. By direct remo val of membranes responsible for retinal shortening, the retina can be mobilised and retinal breaks freed of traction, before filling the preretinal compartment with air, gas or silicone fluid. Moreover, it is no longer necessary to go through the coats of the globe to drain subretinal fluid, as this can be done safely, via a flute-needle passed through a break in the retina, using the operating microscope. Many of these considerations apply equally to fibrovascular as well as to fibrocellular membranes; however, only non vascular disease will be discussed here.
Removal of the vitreous gel is the simplest part of sur gery for retinal detachments complicated by PVR. Once the gel has been carefully removed, it is possible to gain access to all areas of the retina and it is important to remove the gel meticulously, up to its retinal attachment at the vitreous base. Mobilisation of the retina requires that all epiretinal membranes are stripped from its surface behind the base. This can be achieved using a 20 gauge needle, bent to form a pic; in PVR it is rarely necessary to use scissors, posterior to the vitreous base, because, unlike fibrovascular proliferations, fibrocellular membranes can be peeled and do not usually require segmentation or delamination.
The vitreous at the vitreous base itself cannot be removed from the retina and retinal shortening at or anterior to it must therefore be managed in different ways. If contraction is only mild or moderate, a scleral buckle will usually suffice to reappose the retina to the RPE, but if vitreous base shortening is severe, one of two methods must be adopted: (1) complete removal of all epiretinal tis sue by meticulous dissection, including cutting the retina radially where necessary, followed by a deep, broad buckle and extensive laser photocoagulation,n2 or (2) div ision of the retina, in a circumferential direction, immedi ately posterior to the shortened base,n.\n4 throughout at least 1800 (separating the shortened anterior retina from the mobile retina posterior to the vitreous base), followed by laser photocoagulation to the cut edge of the posterior flap, after tamponade with gas or silicone oil.
ExceJlent results have been reported,65 in anterior PVR, using the first of these two options, especially by those using gas rather than silicone oil tamponade, but the dis section can take 4-8 hours to accomplish. The second method is more practicable and good results have also been reported,nn-6x removal of epiretinal membranes being limited to the posterior retina and care taken to excise the tissue anterior to the retinotomy to discourage the development of cyclitic membranes and rubeosis.
In cases where PVR is further complicated by the coex istence of a giant tear or giant retinotomy, causing desta bilisation of the posterior flap, it is occasionally necessary to use retinal tacks to stabilise the retina. Tacks (intro duced by And069 in 1983) are used as an adjunct to tampo- 
